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Abstract 

Fisheries bycatcli is a key tlireat to cetacean species globally. Managing the impact requires an understanding of the 
conditions under which animals are caught and the sections of the population affected. We used observer data collected on 
an albacore tuna gillnet fishery in the northeast Atlantic, to assess operational and environmental factors contributing to 
bycatch of common and striped dolphins, using generalised linear models and model averaging. Life history demographics 
of the captured animals were also investigated. In both species, young males dominated the catch. The age ratio of 
common dolphins was significantly different from that estimated for the population in the region, based on life tables 
(G = 17.1, d.f. = 2, p = 0.002). Skewed age and sex ratios may reflect varying vulnerability to capture, through differences in 
behaviour or segregation in populations. Adult females constituted the second largest portion of the bycatch for both 
species, with potential consequences for population sustainability. Depth was the most important parameter influencing 
bycatch of both species and reflected what is known about common and striped dolphin habitat use in the region as the 
probability of catching common dolphins decreased, and striped dolphins increased, with increasing depth. Striped dolphin 
capture was similarly influenced by the extent to which operations were conducted in daylight, with the probability of 
capture increasing with increased operations in the pre-sunset and post-sunrise period, potentially driven by increased 
ability of observers to record animals during daylight operations, or by diurnal movements increasing contact with the 
fishery. Effort, based on net length and soak time, had little influence on the probability of capturing either species. Our 
results illustrate the importance of assessing the demographic of the animals captured during observer programmes and, 
perhaps more importantly, suggest that effort restrictions alone may not be sufficient to eradicate bycatch in areas where 
driftnets and small cetaceans co-occur. 
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introduction 

Anthropogenic pressures on the marine environment are diverse 
and complex and include pollution, habitat disturbance, invasive 
species introductions, human induced climate change and fishing 
[1]. Whilst climate change and fishing pressure are acknowledged 
as being the main influences on marine ecosystems [2] , overfishing 
has a significant impact on marine exploited communities [1], can 
act to increase the impact of climate change [3,4], and continues 
to be viewed as the key anthropogenic impact affecting marine 
ecosystems [5]. The pressures placed upon the marine environ- 
ment continue to grow and as a consequence the need to improve 
marine management practices has become more urgent [6] . 

Many large top predators have been subjected to overfishing 
[7], contributing to the decline and coUapse of target species 
around the world [1,7]. Alongside target species impacts, the 
capture of non-target or "bycatch" species [8] ensures commercial 
fishing is a key driver affecting the biodiversity of marine 



ecosystems, the loss of which is increasing on a global scale [9] . 
Bycatch of marine mammals [10,11], seabirds [12], elasmo- 
branchs [13] and reptUes [14], has been documented in fisheries 
around the world [15], in extreme cases exceeding target catch 
[16,13] and resulting in declines of some species [11]. Manage- 
ment decisions must consider, amongst other factors, the risk 
posed by fishing to non-target species [2,12,17,18,19]. 

Impact on non-target species was a key reason behind 
restrictions on the use of driftnets by fleets in the European 
Union. The indiscriminate nature of driftnets and resulting high 
volume bycatch of non-target species [20] led the Council of the 
European Commission to restrict the length of driftnets targeting 
highly migratory species in 1 99 1 , culminating in a ban on use of 
the gear to target such species in 2002 [21]. Driftnets, for large 
pelagic species, operate legally in regions outside the EU, including 
the US Pacific, and are subject to strict management regimes 
which seek to monitor and mitigate marine mammal bycatch, 
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through the use of season and area closures, observer programmes 
and acoustic devices such as "pingers" [22,23,24]. Driftnet 
operations in the southwest Atlantic are subject to much less 
regulation [25] and in the EU large scale driftnets reportedly 
operate illegally in the Mediterranean [26]. High numbers of 
marine mammals, seabirds, turtles, and non-target fish species 
such as sharks, occur as bycatch in driftnets [20,27]. Cetacean 
species are thought to be particularly vulnerable to the effects of 
bycatch due to the relatively low abundance of their populations, 
and because their long life spans, late maturation and low 
reproductive rates limit the capacity of their populations to recover 
from such pressures [28]. Successful management of the impacts of 
driftnets on cetaceans requires an understanding of the conditions 
under which animals are caught and the species and life history 
stages impacted. 

Obser\'er programmes document the cetacean species taken by 
fisheries and facilitate assessment of the number of species 
removed by that fishery. The resulting datasets can provide 
additional information regarding the operational and environ- 
mental characteristics of the capture events and, at times, the 
characteristics of the animals caught. In 1996, observers accom- 
panied vessels of the Irish fleet deploying surface driftnets targeting 
albacore tuna (Thunnus alalunga) in the Bay of Biscay and Celtic 
Sea. Focusing on small cetaceans, we examined the resulting 
dataset with the aim of assessing the relative influence of a number 
of operational and environmental factors on cetacean bycatch. 
Additionally, the life history characteristics of the captured animals 
were assessed, with the objective of determining whether particular 
species, sexes or age groups were more prone to incidental 
capture. The objectives of this study were to identify the sections of 
the population potentially most at risk and the operational and 
environmental factors associated with small cetacean bycatch. 

Methods 

Observer programme 

Observer coverage extended to 120 of an estimated 261 hauls 
(Figure 1). The number and species of cetacean, fish, seabirds and 
turtles caught, landed and discarded were recorded. This paper 
examines the small cetacean bycatch only. Full details of the 
observer programme procedures, methodologies and results are 
presented in [27]. 

Observers recorded a number of operational parameters 
relating to each set. The nets deployed were monofilament nylon 
twine with stretch mesh size of 17.8 cm. Additional operational 
parameters recorded included the length of net deployed; the 
depth of net deployed (based on the number of meshes); the time 
of setting and hauling; the length of time taken to set and haul the 
net; and soEik time (calculated as the duration between half the 
time taken to set the net and half the time taken to haul it). 
Environmental variables recorded included latitude and longitude 
of net position; depth of water column; sea state (Beaufort scale) 
during setting and hauling of nets; and the date of the fishing 
operation. 

Where possible, within the constraints of time and space, 
cetaceans were brought on board the fishing vessel for further 
examination. Life history parameters were collected including 
species; sex and total length (tip of beak to notch in tail fluke). Post- 
mortem examinations were carried out on a number of animals 
and biological samples, including teeth, were collected. 

Life history traits 

Common dolphin [Delphinus delphis) and striped dolphin 
{Stenella coeruleoalba) dominated the cetacean bycatch and were 



subject to life history assessments. Age was estimated for 69 of the 
150 common dolphins and 47 of the 66 striped dolphins using 
teeth (fuU details of the methodology used to estimate age via teeth 
are presented in [29]). For the remaining animals, age was 
estimated using the nose to tail length of the animals aged using 
teeth, informed by published length at age data [29,30,31,32]. 
Aged individuals were classified, by sex, into one of three broad 
age groups: juvenile; sub-adult; and adult (Table 1). Age groups 
were based broadly on growth phases and the approximate age 
when sexual maturity is reached [29,30,31,32]. 

To test the hypothesis that males and females were equally likely 
to be caught, sex ratios, for each species, were compared to a 
theoretical 1 : 1 ratio using a G test. To test the hypothesis that the 
age composition of the bycatch animals was similar to that of the 
population in the region, the proportion of each age group in the 
northeast Atlantic was estimated using published information on 
survivorship (IJ in female common dolphins from the Bay of 
Biscay [28] under the assumption that survivorship would be 
similar between the two neighbouring areas. Survivorship was 
used to estimate the proportion of animals dying at each age (d^) 
based on the following equation 

dx = lx+l ~lx 

Proportion dying (djt) was used to estimate the proportion of the 
population in each of the three age groups which was expected to 
die. This was then compared to the proportions seen in the 
bycatch. The analysis was extended to examine the age ratios of 
the male common dolphins using the survivorship data for 
females, based on the assumption that there would be no 
difference in survivorship between the sexes. It was not possible 
to examine the age ratios of striped dolphins due to a lack of 
published life tables or similar data. G tests were used to make all 
comparisons and all analysis was conducted in software package R 
[33]. 

Environmental and operational variables 

The influence of operational and environmental variables on 
the occurrence of cetacean bycatch was assessed. Separate 
ass(;ssm(;nts were conducted for the occurrence of common 
dolphins and striped dolphins. Observers accompanied each vessel 
on a number of trips and between 3 and 10 sets were observed per 
trip, therefore the resulting data had a hierarchical structure. Sets 
took place on consecutive days, potentially introducing temporal 
correlation. The presence/ absence of each species was initially 
assessed by fitting general estimating equations (GEE) [34], with 
an autoregressive correlation structure, under the geepack package 
[35,36,37]. A variable "VesselTrip" was created and included in 
the models to identify observations from the same fishing trip by 
the same vessel. The correlation of the bycatch between sequential 
hauls within the same vessel trip was low for both common (0.05) 
and striped dolphin (0.09); therefore final model fitting was with 
generahsed linear mixed modelling (ghnm), with VesselTrip fitted 
as a random effect, under the glmmML package [38]. 

Variables included in the models of common and striped 
dolphin occurrence were selected a priori from the parameters 
collected by the obser\'crs. The variables were checked for 
coUinearity using pairwise Spearman's Rank correlation coeffi- 
cients, with a correlation coefficient greater than 0.5 indicating 
variables were proxies for each other [39]. Five variables remained 
in the analysis when coUinear variables were removed; depth, sea 
state, moon, daylight and effort. Eight coUinear variables were 
removed from the assessment; latitude and longitude (correlated 
with depth); date of net set and haul (correlated with moon 
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Figure 1. Location of fishing operations and bycatcKi events. Zero bycatch of common or striped dolphin (x symbol); common dolphin 
bycatch (empty circle); striped dolphin bycatch (empty square); common and striped dolphin bycatch (+ symbol). 
dol:1 0.1 371 /journal.pone.01 04468.g001 



illumination); time of net set and haul (correlated with daylight); Depth (environmental variable) was used to describe the depth 

and set and haul duration (correlated with soak time which was of the water column where the fishing operation took place. Sea 
included in calculating effort). state (environmental variable) described the maximum sea state 

(Beaufort scale) recorded during net set and haul. Moon 

Table 1. Age group classification of male and female common and striped dolphins determined through analysis of teeth and age 
at length data. 



Species 


Sex 


Group 


Age 


Length 


Source of supporting information 


Common dolphin 


Male 


Juvenile 


<4 


<185 cm 


[30] 






Sub-adult 


5-9 


186-199 cm 








Adult 


>10 


2:200 cm 






Female 


Juvenile 


<4 


<172 cm 


[29,31] 






Sub-adult 


5-7 


173-184 cm 








Adult 


>8 


>180 cm 




Striped dolphin 


Male 


Juvenile 


<4 


<185 cm 


[32] 






Sub-adult 


5-9 


186-210 cm 








Adult 


alO 


>210 cm 






Female 


Juvenile 


<4 


<170 cm 


[32] 






Sub-adult 


5-10 


171-195 cm 








Adult 


>11 


>195 cm 





doi:1 0.1 371 /journal.pone.01 04468.1001 
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(environmental variable) described the percentage illumination of 
the moon the night of the fishing operation. Daylight (operational 
variable) described the proportion of the set and haul occurring in 
daylight i.e. pre sunset and post sunrise. All nets were soaked at 
night but there was variation in the timing of net setting and 
hauling and therefore the extent to which these operations were 
conducted prior to sunset and post sunrise. The time taken to set 
nets ranged from 30 to 235 minutes and hauling time ranged from 
150 to 660 minutes. Typically net setting began severed minutes 
before sunset (mean 32 minutes before sunset, range 1-113 
minutes) with only 23 net sets beginning after sunset. Net hauling 
continued after sunrise in every case (mean 270 minutes after 
sunrise, range 1 1-607 minutes). Effort (operational variable) 
described the length of the net deployed multiplied by soak time, 
where soak time was calculated as the time between the halfway 
point in the set and the halfway point in the haul. The explanatory 
variables were standardised to have a mean of zero and a standard 
deviation of one prior to analysis. 

AU possible model permutations were created and model 
selection was based on Akaike's Information Criterion AIC [40]. 
Models were ranked by AIC \'alue and the model with the lowest 
AIC was considered the most parsimonious within the suite of 
models. Models within 2 AAIC of the most parsimonious model 
were considered to be similar in their empirical support and were 
included in the set of candidate models [41]. Akaike weights 
were calculated for each model and represented the proportional 
chance of that model being the best model within the set of 
candidate models [41]. The relative importance (RI) of each 
variable in determining the occurrence of the species in the 
bycatch was determined by summing Akaike weights over all 
candidate models containing the explanatory variable and ranged 
from 1 (most important) to 0 (least important) [41]. Since model 
comparisons resulted in a number of models similar in empirical 
support, we conducted model a\'eraging across all models within 
2AAIC of the most parsimonious model [41]. Model averaged 
parameter estimates were produced for each variable, with 
unconditional standard errors incorporating model uncertainty. 
Model averaging was conducted using the "MuMIn" package 
[42]. All analyses were conducted in software package R [33]. 

Ethics statement 

In Ireland, all cetacean species are protected under the Wildlife 
(Amendment) Act 1976-2005, therefore sampling was conducted 
under permit issued by the National Parks and Wildlife Service, 
Department of Arts, Heritage and the Gaeltacht. The study was 
entirely based on data collected post-mortem from cetacean 
carcasses bycaught in an albacore tuna fishery operating in the 
north east Adantic. Sampling was conducted on-board fishing 
vessels and took place over a large area from 46° to 52°N and 11° 
to 18°W. Sampling did not involve obser\'ation or experimentation 
on live animals or captive animals, therefore ethical approval was 
not required. 

Results 

Life history characteristics 

Cetacean bycatch was recorded in 79 of the 120 observed hauls 
with 242 individual cetaceans recorded across eight species. 
Common dolphin and striped dolphin were the most frequendy 
occurring species with 150 common dolphins recorded across 51 
sets and 66 striped dolphins recorded across 35 sets (as reported 
previously [27]). Oth(-r spetdes captured were Atlantic white-sided 
dolphin [Lagenorhynchus aculus), Risso's dolphin {Grampus 
griseus), long-finned pilot whale [Globicephala melas), minke whale 



{Balaenoptera acutorostmta), botdenose dolphin {Tursiops trunca- 
tus) and sperm whale {Physeter macrocephalus). Single individuals 
were caught in 23 sets with 56 sets having more than one 
individual. Multiple species were caught together in 18 sets. 
Common dolphin and striped dolphin were caught together in 13 
sets. 

Sex was determined for 116 common dolphins and the majority 
(n = 72) were male. The sex ratio was 1.64:1 and significandy 
different from the 1 : 1 ratio which would be expected if males and 
females were equally likely to be caught (G = 9.04, d.f=l, 
p = 0.002). Age was determined for 1 1 3 individuals and 66 were 
juveniles (43 male and 23 female), 10 were sub-adults (6 male and 
4 female) and 37 were adults (20 male and 17 female) (Figure 2A). 
The age ratio of female common dolphins was significandy 
different from that estimated for the female population in the 
north east Atlantic, as determined from life tables (G=17.1, 
d.f = 2, p = 0.002) with more juveniles and fewer sub-adults 
caught than were estimated to be present in the population. This 
was also the case for male common dolphins (G = 32.68, d.f = 2, 
p<0.0001) although it must be stressed that this analysis was based 
on a life table for female common dolphins in the absence of the 
equivalent for males. 

Common dolphins were most frequently captured in groups, 
with 33 sets catching multiple individuals and 18 sets capturing 
single individuals, including 6 sets which captured a single 
common dolphin alongside one or more individuals of another 
species. The average group size was 4 individuals, with the largest 
group catch being 13 indi\'iduals. The term "group" reft'rs to an 
individual caught alongside at least one individual of the same 
species. It was not possible to tell whether individuals came from 
the same social groups. Time and space for processing animals was 
limited, therefore it was not possible to ascertain the sex of every 
individual within group catches. Sex was not determined for 33 of 
the 132 common dolphins which were caught in groups. The 
majority which were sexed were male (n = 61), with 38 female 
(Figure 2A). Mixed sex groups made up the bulk of group catches 
(n = 18) and mixed sex groups were most frequendy made up of a 
mixture of juveniles and adults (n = 8). AU male groups were the 
second most common (n = 8) (Table 2). The age composition of 
group catches was dominated by groups of adults and juveniles 
(n= 13) and these groups were predominantly mixed sex (n= 10). 

Sex was determined for 60 of the 66 striped dolphins caught. 
Twice as many of the sexed individuals were male (n = 40) 
(Figure 2B) and the sex ratio was significandy different from a 1 : 1 
ratio (2:1) (G = 6.79, d.f = l, p = 0.009) again suggesting that 
males were more likely to be caught than females. Age was 
determined for 59 individuals and 43 were jm eniles (27 male and 
16 female), 5 were sub-adult (4 male and 1 female) and 11 were 
adult (9 male and 2 female) (Figure 2B). It was not possible to test 
if these ratios were similar to that of the wider population of 
striped dolphins owing to the lack information on survivorship for 
the species. 

Striped dolphins were caught as single individuals in 1 7 sets and 
as part of a group in 18 sets. The single individual catches included 
seven cases where a single striped dolphin was captured alongside 
at least one individual of another species. Groups were smaller 
than for common dolphins with an average group size of 2.7 and 
the largest group comprised five individuals. As with common 
dolphins the majority of animals occurring in group catches were 
male (n = 28) with close to half as many females caught (n= 15). 
Again, similar to common dolphins, mixed sex groups dominated 
the group catches (n = 1 1), with 6 of the mixed species groups 
composed entirely of juveniles. AU male groups were the second 
most frequendy captured group (Table 2). The age composition of 
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Figure 2. The age group and sex of A) common and B) striped dolphins caught as individuals, or as part of groups. Juvenile (black), 

sub-adult (dark grey), adult (light grey), not aged (white). 

doi:10.1371/journal.pone.0104468.g002 



group catches differed from that of common dolphins with catches 
of adults and juveniles (n = 6) occurring almost as frequently as all 
juvenile groups (n= 7) (Table 2). 

Operational and environmental parameters 

The most parsimonious model for common dolphin occurrence 
contained the variable depth. The variables sea state, light and 
moon also featured in the set of candidate models (models with 
AAIC ^2 of the most parsimonious model) (Table 3). On the basis 
of model averaging, the relative importance of the variables in 
determining the occurrence of common dolphin bycatch was, in 
order of importance; depth; sea state; daylight; and moon 
(Table 4). The relative importance of depth and its occurrence 
in the most parsimonious model indicates that, of the variables 
examined, the depth of the water column where the fishing 
operation took place was the most important predictor of common 
dolphin bycatch. The probability of catching common dolphins 
decreased with increasing depth. Sea state and daylight had a 
similar level of importance. The probability of common dolphin 
bycatch increased with increasing sea state during setting and 
hauling of nets, and with increased time spent setting and hauling 
pre-sunset and post-sunrise. Moon illumination had very little 
importance in common dolphin bycatch with the probability of 
common bycatch occurring decreasing with increasing moon 



illumination. Effort did not feature in the set of candidate models 
for common dolphin bycatch. 

The most parsimonious model for the occurrence of striped 
dolphins contained the variables depth and daylight (Table 5). 
The variables effort and moon also featured within the set of 
candidate models. The relative importance of the variables in 
determining the occurrence of striped dolphins was daylight; 
depth; moon; and effort (Table 6). The relative importance of 
depth and daylight and their occurrence in the most parsimonious 
model indicate that the depth of the water column where the 
fishing operation took place, and the extent to which fishing 
operations were conducted during daylight hours, were the most 
important predictors of striped dolphin bycatch. Daylight and 
depth had similar levels of importance. As with common dolphin 
bycatch, the probability of catching striped dolphins increased 
with increased time spent setting and hauling nets pre sunset and 
post sunrise. However, contrary to the pattern seen in common 
dolphin bycatch the probabihty of catching striped dolphins 
increased with increasing depth. Effort and moon had relatively 
low importance. Striped dolphin bycatch increased with effort but 
decreased with increasing moon illumination. The variable sea 
state did not feature in the candidate models for striped dolphin 
bycatch. 



Table 2. The age class and sex composition of common dolphin and striped dolphin group catches. 







Common dolphin 


Striped dolphin 




No. of groups 


No. Individuals within groups 


No. of groups 


No. individuals within groups 


All juveniles 


4 


12 


7 


19 


All sub-adult 


0 


0 


0 


0 


All adult 


3 


6 


0 


0 


Mix of juvenile & sub-adult 


2 


7 


1 


5 


Mix of juvenile & adult 


13 


56 


6 


16 


Mix of sub-adult & adult 


1 


3 


0 


0 


Mix juvenile, sub-adult & adult 


2 


9 


1 


3 


Not aged 


8 


39 


3 


6 


All male 


8 


19 


5 


8 


All female 


1 


2 


0 


0 


Male & female 


18 


85 


11 


35 


Not sexed 


6 


26 


3 


6 



doi:1 0.1 371 /journal.pone.Ol 04468.t002 
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Table 3. Candidate models (AAIC<2) of common dolphin occurrence 


in bycatch In the albacore tuna fishery. 






Rank 


Model structure 


AlC 


AAIC 


Wj 


1 


Depth 


141.22 


0.00 


0.29 


2 


Depth+Sea state 


141.65 


0.43 


0.24 


3 


Depth+Llght 


141.95 


0.72 


0.21 


4 


Depth+Llght+Sea state 


142.69 


1.46 


0.14 


5 


Depth+Moon 


142.99 


1.76 


0.12 


doi:1 0.1 371 /journal.pone.Ol 04468.t003 



Discussion 

Common and striped dolphins dominated cetacean bycatch in 
the albacore tuna fishery. With the exception of harbour porpoise 
[Phocoena phocoena), whicli typically occur in shallower waters 
beyond the range of the tuna fishery, common dolphins are the 
most abundant small cetacean in the north east Atlantic in 
summer, and striped dolphins the second most abundant 
[43,44,45] . Common dolphins are present in both shelf and deep 
waters in the northeast Atlantic, whilst striped dolphins are 
restricted to deeper waters [44,46]. Of the variables examined, the 
depth of the water column where the fishing operation took place 
was the most important factor driving the occurrence of each 
species in bycatch in the albacore tuna fishery. The direction of 
influence reflects what is known about the distribution of the 
species across the depth gradient with striped dolphins more likely 
to be caught in deeper waters and common dolphins in shallower 
waters. Common dolphins have been recorded as bycatch in 
mobile [47,48,49] and static gears [45,50] in the northeast 
Atlantic. Although their abundance in the region and their 
distribution across the continental slope and deeper offshore 
waters is likely the key factor accounting for their prevalence in 
bycatch, as indicated by the importance of fishing depth, 
behavioural factors and fme scale movements within the region, 
may underpin the observed patterns. 

The bycatch demographics were skewed towards males and 
young animals for both species, although a number of mature 
females were also caught. The prevalence of males and young 
animals in the bycatch suggests that some sections of the common 
and striped dolphin populations may be more vulnerable to 
capture than others. Several factors may drive the patterns 
observed in the bycatch. Firstly, the age and sex structure in the 
bycatch represents that of the wider population. Secondly, there is 
age and sex segregation in the wider population leading to 
different ratios in the area where the fishery operated. Thirdly, 
behavioural differences between age groups and sexes contributed 
to sections of the population being more vulnerable [51]. Finally, 
the size selective nature of giUnets contributed to the frequency of 



smaller animals in the bycatch. A single driver may be responsible 
for the observed pattern, but given the resultant complexities of 
multiple drivers, potentially acting in parallel, it is difficult to 
determine which scenario has greatest influence. 

There is a lack of unbiased sources of demographic data for 
cetaceans [28] and little is known of the age and sex structure of 
the wider striped and common dolphin populations in the 
northeast Atlantic, as a whole. Delphinidae populations are, in 
general, segregated by age and sex [52] and skewed sex and age 
ratios in stranded and bycatch animals supports the hypothesis of 
age and sex segregation in the wider population of the northeast 
Atlantic, leading to regional variation in age and sex structure. 
The age distribution of common dolphins in this study is similar to 
the pattern in strandings along the French coast [28] but differs 
from that reported in pair trawls in northwest Spain, where 
animals in the sub-adult range were caught in greater numbers 
than juveniles and adults [47]. The prevalence of common dolphin 
males has been recorded in other gUlnet fisheries [53] and in trawls 
[47]. Striped dolphin males dominated in Spanish driftnets in the 
western Mediterranean, with common dolphins exhibiting a more 
even sex ratio [54], Whilst, the male bias in common dolphins 
recorded in trawlers operating off northwest Spain resulted from 
several large all male capture events and was thought to provide 
evidence of groups of bachelor males in the area [47]. When 
groups of mixed age where captured in the albacore tuna fishery 
they were most frequentiy composed of adult females with 
juveniles, indicating that the fishery may have overlapped with 
calving grounds or maternal feeding grounds [31]. The overlap 
between the albacore fishing season and the common dolphin 
calving season [29,30] provides further support to the theory that 
the fishery encountered these age groups more frequently than any 
other contributing to their abundance in bycatch. 

Whilst the skewed age and sex distributions recorded in the 
bycatch are interesting, it is important to consider that not all 
individuals were aged and sexed. This was particularly true in the 
case of group catches where post mortem examination was 
constrained by the time and space available to process large 
numbers of animals on board. Furthermore, we based our 



Table 4. Model averaging results of common dolphin occurrence in bycatch In the albacore tuna fishery. 



Variable p SE Rl 



Depth 


-1.08 


0.27 


1.00 


Sea State 


0.26 


0.21 


0.38 


Daylight 


0.24 


0.21 


0.35 


Moon 


-0.14 


0.22 


0.12 



P model averaged coefficients; SE standard error; Rl relative importance. 
doi:l 0.1 371/journal.pone.Ol 04468.t004 
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Table 5. Candidate models (AAIC<2) of striped dolphin 


occurrence in bycatch In the albacore tuna fishery. 






Rank 


Model structure 


AlC 


AAIC 


Wj 


1 


Depth+Daylight 


141.53 


0.00 


0.36 


2 


Depth+Effort+Daylight 


142.81 


1.28 


0.19 


3 


Depth+Moon+Daylight 


143.12 


1.59 


0.16 


4 


Daylight 


143.25 


1.72 


0.15 


5 


Depth 


143.52 


1.99 


0.13 


doi:1 0.1 371 /journal.pone.Ol 04468.t005 



assessment of common dolphin population age structure on 
survivorship of females in the Bay of Biscay as determined through 
strandings [28]. Aside from the biases inherent in demographic 
data from stranded animals [28], the albacore fishery operated in 
waters north of the Bay of Biscay, off the western coast of Ireland. 
We assumed, for the purposes of the assessment, that survivorship 
was similar between these regions. Given the proximity of the 
regions and the apparent lack of genetic structure within the 
common dolphin population in the northeast Atlantic [55] this 
assumption seems reasonable. However, analysis of heavy metals 
[56,57] and stable isotopes [57] suggest the existence of a neritic 
stock on the continental shelf and an oceanic stock offshore. The 
albacore fishery operated in offshore waters and it is likely that 
bycaught common dolphins predominantly came from the oceanic 
stock. Conversely, strandings are potentially dominated by animals 
from the neritic stock [28]. Furthermore we assumed, for the 
purposes of the assessment, that survivorship was similar for males 
and females as data on the survivorship of males was not available. 
Given the prevalence of young male bycatch in the albacore tuna 
fishery and other fisheries operating in the northeast Atlantic 
[47,53] it is possible that survivorship in male common dolphins is 
lower than that of their female counterparts in the region. 

Common and striped dolphins form social groups of different 
age classes so it is perhaps not surprising that group catches 
outnumbered incidental takes of single individuals throughout the 
range of the fishery. It is not possible to determine whether group 
catches were truly social groups, or whether other factors resulted 
in multiple individuals being caught in the same set. Nevertheless, 
the occurrence of both individual and group catches could suggest 
that some individuals within a social group, such as young animals, 
may be more vulnerable to capture than others, or may behave 
differently from other individuals within the group. These 
potential differences in behaviour between age groups and sexes 
may compound spatial segregation within populations. Behav- 
ioural responses to boats may contribute to bycatch as both species 
have been documented to respond to survey boats by approaching 
them [43,44,46] . A similar response elicited by fishing boats setting 
and hauling nets may increase the risk of being caught. Across all 



mammal populations, males and adolescents are less risk averse 
than females and other age groups [58,59] and may be more 
inclined to approach a boat during the setting or retrieval of gear, 
increasing the risk of capture. Sub-adults, or adolescents, were 
under represented in the albacore tuna bycatch, which in addition 
to the hypothesis of age and sex segregation amongst the 
population could indicate an influence of learned behaviour or 
experience. The younger animals, which dominated the bycatch, 
may have less precise echolocation abilities [31], may vary in their 
behavioural response to boats or may lack the physical skills or 
experience necessary to feed within the vicinity of the net without 
becoming entangled. 

GiUnets are size selective and catch typically reflects stock 
structure and the mesh size deployed [60] . To our knowledge the 
influence of size selectivity on cetacean bycatch in gillnets has not 
been tested with regard to mesh size. Measures to reduce 
selectivity towards cetaceans typically focus on modifications to 
gear deployment and retrieval, or changes to fishing practices such 
as the height of static gear deployment in the water column, or the 
speed, depth and duration of trawls [17]. It is possible that mesh 
size also contributes to selectivity for cetaceans and may act to 
compound the influence of sex and age segregation and behaviour. 
The stretch mesh size of deployed gillnets was 17.8 cm and the 
majority of the common and striped dolphin bycatch were juvenile 
animals less than 185 cm in length. Mean length of juvenile 
bycatch was 136 cm for common dolphins and 146 cm for striped 
dolphins. In a size selectivity experiment for sandbar shark 
{Carcharhinus plumheus), all mesh sizes captured all size classes 
but maximum selectivity of 17.8 cm mesh was between 95 and 
124 cm size classes [60]. Sharks and dolphins have the same 
fusiform shape, and size selectivity may be similar. However, 
features of dolphin morphology, including long, narrow rostrums 
may increase the vulnerability of larger individuals to capture, and 
this may explain why adult dolphins were also captured in large 
numbers. Cetacean bycatch in the albacore fishery also included 
larger species which lack long, narrow rostrums, including minke 
whales, long-finned pilot whales and sperm whales and it is 
possible that the mechanism by which larger individuals, and 



Table 6. Model averaging results of striped dolphin occurrence In bycatch In the albacore tuna fishery. 



Variable p SE Rl 



Daylight 


0.47 


0.27 


0.87 


Depth 


0.42 


0.23 


0.85 


Effort 


0.23 


0.24 


0.19 


Moon 


-0.17 


0.22 


0.16 



P model averaged coefficients; SE standard error; Rl relative importance. 
doi:l 0.1 371/journa!.pone.01 04468.t006 
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larger species, are captured differs from that of smaller animals. It 
was hypothesised that in the case of sandbar sharks, larger animals 
got caught by wrapping themselves in the net, or breaking it and 
becoming caught in larger openings. A similar mechanism of 
entanglement may capture larger cetacean species and larger, 
older, common and striped dolphins. 

The behaviour of dolphins around nets, and the mechanism by 
which they become entangled, is not fully understood but 
assessment of echolocation abilities and obser\'ations at sea suggest 
some species may be capable of detecting and avoiding nets 
[61,62]. A number of scenarios could explain how cetaceans 
become entangled in gear they are capable of detecting. It has 
been suggested that the animals may not echolocate while 
travelling, failing to detect the net while in transit; they may 
detect the presence of the net but not identify it as a barrier; they 
may become distracted while feeding in the vicinity of the net; or 
fish entangled in the net, and free swimming in its vicinity, may 
block detection of the net [61,62,63]. Common dolphin bycatch 
increased with increasing sea state during setting and hauling 
suggesting that increasing turbidity, resulting from increased sea 
state, may hamper net detection. 

The timing of cetacean bycatch within a fishing operation is also 
poorly understood. Video technology may be usc-ful for monitor- 
ing stages which cannot be observed from deck for mobile gears 
[64] but may not be appropriate for static nets. The operational 
variable effort, which described the length of net deployed and its 
soak time in the water, had little influence on the occurrence of 
striped dolphin and no influence on the occurrence of common 
dolphin bycatch. The variable moon illumination, which captured 
the brightness of the moon during the soak, also had very little 
influence. The importance of operational variables relating to the 
setting and hauling of the net, including the influence of sea state 
during setting and hauling on common dolphin bycatch and the 
importance of daylight during setting and hauling for both species, 
suggests that this may be the stage of the fishing operation when 
the species are most vulnerable. 

A greater vulnerability towards fishing operations conducted at 
night has been documented in a number of fisheries operating in 
the northeast Atiantic [45,47,48,65] and our findings suggest that 
timing of operations could be important on a much finer scale. 
The increase in bycatch with increased daylight during setting and 
hauling may seem counter intuitive as visual acuity and therefore 
visual detection of the net should be greater in daylight than in 
darkness. Indeed, although illumination of the moon had 
comparatively little influence on the occurrence of either species, 
the probability of bycatch decreased with increasing lunar 
illumination. Two mechanisms may contribute to increased 
likelihood of cetacean bycatch during setting and hauUng in 
daylight. Firstiy, observers monitoring nets during daylight hours 
may be more likely to document animals which fall out of the net 
as it is being hauled on board. These "drop outs" could be missed 
during operations occurring in darkness if the animal fell out some 
distance from the boat. Likewise, carcases floating in the water are 
more likely to be spotted and documented during daylight than at 
night. Secondly, the species may be more likely to come into 
contact with the net during certain periods of the night as a result 
of diurnal behaviour or movement. 

Little is known about the behaviour or movements of common 
and striped dolphins, worldwide. Observations from the Mediter- 
ranean [66,67,68] and Australia [69] may shed light on how 
diurnal movements of these species may contribute to their 
capture. Feeding in striped dolphins, in the French Riviera, was 
found to peak in the three hours before sunset and after sun rise 
[66]. The same study revealed that although the majority of 



animals remained in offshore areas a significant number of animals 
exhibited diurnal movements from inshore to offshore areas 
coinciding with these peaks in feeding activity. If similar patterns 
of feeding and movement are present in striped dolphins in the 
northeast Atlantic, operations conducted during the pre-sunset 
and post sunrise period could coincide with tlu-sc activity peaks, 
thus encountering more animals. Although diurnal patterns in 
feeding behaviour have been detected in common dolphins 
[68,69], similar diurnal horizontal movements have not. Feeding 
in oceanic common dolphin peaks at dusk, as the animals feed on 
mesopelagic fish which migrate to the surface at night [70]. 
Common dolphins have been recorded appearing in the vicinity of 
prawn trawlers, in Australia, during net hauhng, seemingly 
attracted by the sound of the engines [7 1] . The extent of setting 
and hauling occurring in daylight may be less important for 
common dolphins if the overall driver for thc-ir prcsc-nce at the 
boat is their attraction to it, rather than any increase in horizontal 
movements during this period. 

The complex nature of species distribution and the dynamic 
nature of the fishery in space and time mean it is an 
oversimplification to suggest that our model captures all variables 
driving bycatch of these species. Observer data have been used to 
examine the influence of operational and environmental variables 
in cetacean bycatch for a number of species and fisheries e.g. 
[64,72,73,74,75] and although observer data are important for 
examining the patterns in bycatch, several issues should be 
considered. There is the potential for boats carrying observers to 
vary their behaviour to reduce the likelihood of bycatch occurring, 
perhaps by avoiding areas where it has occurred in the past [28], 
however in the northeast Atiantic fishing for albacore occurs 
between June and October and the short duration of the albacore 
season, and of the fishing trips, makes avoidance less likely in this 
case. Secondly, whilst bycatch "hotspots" occur in many regions it 
is worth noting that lack of documented bycatch incidents in an 
area, does not mean that bycatch would not happen there under 
different circumstances [76] and this is particularly relevant when 
assessing the role of operational and environmental factors. 

The lack of importance of effort in bycatch occurrence, 
considered alongside the importance of depth, indicates that the 
location of the net, rather than the length of the net or time in the 
water, influenced the probabiUty of cetacean bycatch occurring in 
this fishery. If animals are more vulnerable during net setting or 
hauling, either as a result of diurnal movement, timing of feeding, 
or attraction to the boat, the length of net deployed would have 
littie influence on numbers captured and restricting net length 
would have littie impact as a mitigation measure. Prior to banning 
the use of pelagic driftnets to target highly migratory species, the 
European Commission prohibited the deployment of driftnets over 
2.5 km in length. Our results support the decision that length 
restrictions alone are not sufficient to limit cetac(;an l)yt:atch. It is 
also important, in the context of Ecosystem Based Fishery 
Management (EBFM), to emphasize that the EU restrictions on 
driftnets were introduced not only to reduce levels of cetacean 
bycatch but to address the unsustainable level of seabird, turtie and 
non-target fish species in this gear. 

Conclusion 

This study Ulustrates that data collected during ohsc-rver 
programmes can be utiUsed beyond estimating the number of 
animals taken by a fishery and that key patterns, in the factors 
influencing bycatch occurrence, can be elucidated. Analysis of 
bycatch should not only consider the operational and environ- 
mental factors which may drive it but, where possible, should 
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consider the age and sex of the animals taken. Differing 
susceptibility across age classes and sexes could have important 
consequences for population recovery, as it may take longer to 
recover from depletion if animals of reproductive age [7 7] , and 
particularly females [78,79] were impacted. Whilst driftnets are no 
longer deployed to target albacore tuna in the northeast Atlantic, 
striped and common dolphin bycatch persists in fisheries deploying 
other gears including pair trawls, otter trawls and set giUnets. 
Under EBFM, Ecological Risk Assessments for the Effects of 
Fishing (ERAEF) are increasingly used to examine the impact of 
commercial fisheries on non-target and bycatch species including 
cetaceans [19]. ERAEF includes assessment of the ability of a 
species to withstand fishing pressure and the likelihood that it wUl 
encounter fishing pressure based on spatial and temporal overlap 
with the fishery and susceptibihty to the gear deployed. It is our 
view that observer programmes for all fisheries should, where 
possible, include detailed assessment of the sections of the 
populations affected as this, considered alongside the operational 
and environmental conditions under which bycatch occurs, could 
contribute to the ongoing refinement of ERAEF in the context of 
cetaceans. 

References 

1. Jackson JBC, Kirby MX, Berger WH, Bjomdal KA, Botsford LW, et al. (2001) 
Historical overfishing and the recent collapse of coastal ecosystems. Science 293; 
629-638. 

2. Travers M, Watermeyer K, Shannon LJ, Shin YJ" (2010) Changes in food web 
structure under scenarios of overfishing in the southern Benguela: comparison of 
the Ecosim and OSMOSE modelling approaches. J Mar Syst 79: 101-111. 

3. Cury PM, Shin Y-J, Planque B, Durant JM, Fromentin J-M, et al. (2008) 

Ecosystem oceanography for global change in fisheries. Trends Ecol Evol 23: 
338-346. 

4. Perr\' Rl, (iury P, Brander K, Jennings S, Mijllmaim C, et al. (2010) Sensitivity 
of marine systems to climate and fishing: concepts, issues and management 
responses. J Mar Syst 79: 427-43,'). 

5. Levin PS, Dufault A (2010) Eating up the food web. Eish Fish 1 1: 307-312. 

6. Yates KL, Payo Payo A, Schoeman DS (2012) International, regional and 
national commitments meet local implementation: a case study of marine 
conservation in Northern Ireland. Mar Poficy 38: 140-150. 

7. Myers RA, Worm B (2003) Rapid worldwide depletion of predatory fish 
communities. Nature 423: 280-283. 

8. Moore CH, Harvey ES, Van Niel KP (2009) Spatial prediction of demersal fish 
distributions: enhancing our understanding of species — environment relation- 
ships. ICES J Mar Sci 66: 2068-2075. 

9. Worm B, Barbier EB, Beaumont N, Duffy JE, Folke C, et al. (2006) Impacts of 
biodiversity loss on ocean ecosystem services. Science 314: 787—790. 

10. Read .\], Drinker P, Northridge S (2006) Bycatch of marine mammals in U.S. 
and (ilobal fisheries. Conserv Biol 20; 163-169. 

1 1. Lewison RL, CJrowder LB, Read .\J, I'Veeman .S.\ (2004) Understanding impacts 
of fisheries bycatch on marine megaiauna. Trends Eeol Evol 19: 598—604. 

12. Anderson ORJ, SmaU CJ, CroxaUJP, Dunn EK, Snlli\ an BJ, et al. (201 1) Global 
seabird bycatch in longline fisheries. Endanger Species Res 14: 91-106. 

13. Berkley SA, Compos WL (1988) Relative abundance and fishery potential of 
pelagic sharks along Florida's east coast. Mar Fish Rev 50: 9-16. 

14. Lewison RL, Crowder LB (2007) Putting longline bycatch of sea turties into 
perspective. Conserv Biol 21: 79-86. 

15. Hamer DJ, Goldsworthy SD (2006) Seal-fishery operational interactions: 
identifying the environmental and operational aspects of a trawl fishery that 
contribute to bv-eateh and mortality of Australian fur seals [Arctoccplmlus 
pusilliis dorijh'us). Biol Coiiser\' 130; 517-529. 

16. Garbonell A, Alemany F, Merella P, Quetglas A, Roman E (2003) The bycatch 
of sharks in the western Mediterranean (Balearic Islands) fishery. Fish Res 61:7— 
18. 

17. Hall MA, Alverson DL, Metuzals KI (2000) By-catch: problems and solutions. 
Mar PoUut Bull 41: 204-219. 

18. Goldsworthy SD, Buhnan C, He X, Larcombe J, Littiian C (2006) Trophic 
interactions between marine mammals and Australian fisheries: an ecosystem 
approach. In; Gales NJ, Hindell MA, Kirkwood R, editors. Marine Mammals: 
Fisheries Tourism and Management Issues. Melbourne, Australia: CSIRO 
PubUshing. Pp. 62-99. 

19. Brown SL, Reid D, Rogan E (2013) A risk-based approach to rapidly screen 
vulnerability of cetaceans to impacts from fisheries bycatch. Biol Conserv 168; 
78-87. 



Supporting Information 

Table SI Operational, environmental and bycatch data 
relating to each net set. 

pa.sx) 

Table S2 Life history characteristics of common and 
striped dolphin bycatch. 

(XLSX) 

Acknowledgments 

We are grateful to the observers who collected the data, Dave O'Leary, 
John Boyd, Mark Wilder, Graham Johnston; and the skippers and crews of 
the fishing boats in this study for their help and cooperation. We would like 
to thank Mick Mackey, Irene Gassncr, Sarah-Jant" Moore and Sinead 
Murphy for help with sample processing and ageing. Thanks to .Sarah 
Kraak for helpful comments on a previous draft of this manuscript and to 
two anonymous reviewers who provided valuable and constructive 
comments and suggestions. 

Author Contributions 

Analyzed the data: SB. Wrote the paper: SB ER DR. Conceived the 
analysis: ER. 

20. Northridge S (1991) Driffnet fisheries and their impacts on non-target species: a 
worldwide review. FAO Fisheries Technical Paper No. 320. Rome, Italy: Food 
and Agriculture Organization of the United Nations. 

21. Council ofdie European Union (1998) Council Regulation (EG) No. 1239/98 of 
8 June 1998 amending Regulation (EC) No. 894/97 laying down certain 
technical measures for the conservation of fisheries resources. 

22. Kastelein RA, Jennings N, Verboom WC, de Haan D, Schooneman NM (2006) 
Differences in the response of a striped dolphin [Stenella coeruleoalba) and a 
harbour porpoise {Phocoena phocoena) to an acoustic alarm. Mar Environ Res 
61; 363-378. 

23. Kastelein RA, van der Heul S, van der VeenJ, Verboom VVC, Jennings N, et al. 
(2007) Etfeets of acoustic alarms, designed to reduce small cetacean bycatch in 
gillnet fisheries, on the behaviour of North Sea fish species in a large tank. Mar 
Environ Res 64; 160-180. 

24. Carrctta JV, Forney KA, Oleson E, Martien K, Muto MM, et al. (2012) US 
Pacific Marine Stock Assessments: 2011. Technical Memorandum, NMFS- 
SWFSC-488. US Department of Commerce, National Oceanic and Atmo- 
spheric Administration, National Marine Fisheries Service. 

25. Fiedler FN, Sales G, Giifoni BB, -Monteiro-Filho EL, Secchi ER (2012) Driftnet 
fishery threats sea turties in llie .Atlantic Ocean. Biol Conserv 21; 915—931. 

26. Tudcla S, Kai Kai A, Maynou E, El ,\ndalossi M, CiugUelmi P (2005) Driftnet 
fishing and biodiversity conservation; the case study of the large-scale Moroccan 
driftnet licet operating in the Alboran Sea (SW Mediterranean). Biol Conserv 
121; 6,5-78. 

27. Rogan E, Mackey M (2007) Megafauna bycatch in drift nets for albacore tuna 
(Thunnus alalunga) in the NE Atlantic. Fish Res 86; 6-14. 

28. Mannocci L, Dabin W, Augeraud-Veron E, Dupuy J-F, Barbraud C, et al. 
(2012) Assessing the Impact of Bycatch on Dolphin Populations: The Case of the 
Common Dolphin in the Eastern Nordi Atlantic. PLoS ONE 7(2): e32615. 
doi:10.1371/joumal.pone.0032615. 

29. Murphy S, Winship A, Dabin W, Jepson PD, Deaville R, et al. (2009) 
Importance of biological parameters in assessing the status of Delphinus delpkis. 
Mar Ecol Prog Ser 388; 273-291. 

30. Murphy S, Collet A, Rogan E (2005) Mating strategy in the male common 
dolphin {Delphinus delphis): What gonadal analysis tells us. J Mammal 86: 1247- 
1258. 

31. Murphy S, Rogan 1'^ 12006) External morphology of the short-beaked common 
dolphin, Delphinus delphis: growth, allometric relationships and sexual 
dimorphism. Acta Zool 87: 315-329. 

32. Di-Meglio N, Romero-Alvarez R, Collet A (1996) Growth comparison in striped 
dolphins Stenella coeruleoalba from the Atlantic and Mediterranean coasts of 
France. Aquat Mamm 22: 11-21. 

33. R Core Team (2013) R; A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austiia. Available: http:/ / 
www.R-projeet.org/. Accessed 2014 Feb 5. 

34. Liang K. Zeger S (1986) Longitudinal data analysis using generalised linear 
models. Biometrika 73; 13-22. 

35. Hojsgaard 8, Halekoh U, YanJ (2006) The R Package geepackfor Generalized 
Estimating Equations. J Stat Softw 15; 1—11. 



PLOS ONE I www.plosone.org 



9 



August 2014 I Volume 9 | Issue 8 | e104468 



Factors Affecting Small Cetacean Bycatch 



36. Yan J (2002) (icepack: Yet another Package tor (iencralised Estimating 
Equations. R-Ncws 2/3: 12-14. Available: http://cran.r-projcct.org/doc/ 
Rnews/Acccsscd 2014 Feb 5. 

37. Yan J, Fine JP (2004) Estimating Equations for association structures. Stat Med 
23: 859-880. 

38. Brostrom G, Holmberg H (2011) glmmML: Generalized linear models with 

clustering. R package version 0.82—1. Available: http://CRAN.R-project.org/ 
package — glmmML. 

39. Booth GD, Niccolucci MJ, Schuster E(i (1994) Identifying proxy sets in multiple 
linear regression: an aid to better coeflicient interpretation. Research paper 
LNT-470. United States Department of Agriculture, Forest Service, Ogden, 
USA. 

40. Bumham KP, DR Anderson (2004) Multimodel inference understanding AIC 
and BIG in model selection. Sociol Methods Res 33: 261-304. 

41 . Bumham KP, Anderson DR (2002) Model selection and multimodel inference: a 
practical information-theoretic approach. Springer, New York, USA. 

42. Barton K (2013) MuMIn: Multi-model inference. R package version 1.9.5. 
http://GRAN.R-project.org/packagc = MuMIn. 

43. Hammond PS, Macleod K, Bcrggren P, Borchers DL, Burt L, et al. (2013) 
Cetacean abundance and distribution in European Atlantic shelf waters to 
inform conser\'ation and management. Biol Conserv 164: 107-122. 

44. Hammond PS, McLeod K, GiUepsie D, Swift R, Winship A (2009) Cetacean 
Offshore Distribution and Abundance in the European Atlantic (CODA). Final 
Report. University of Saint Andrews, Scotland. 

45. Lop6z A, Kerce GjJ, Santos MB, Gracia J, Guerra A (2003) Fishery by-catches of 
marine mammals in Galician waters; results from on-board observations and an 
interview survey of fishermen. Biol Conserv 111: 25-40. 

46. 6 Cadhla O, Mackey M, Agtiilar dc Soto Rogan E, Connolly N (2002) 
Cetaceans and seabirds of Ireland's Atlantic Margin. Volume II Cetacean 
Distribution and Abundance. Cork, Ireland: Universitv College Cork. 

47. Fernandez-Contreras MM, Cardona L, Lockycr CH, Aguilar A (2010) 
Incidental bycatch of short-beaked common dolphins {Delphinus delphis) by 
pairtrawlers off northwestern Spain. ICES J Mar Sci 67: 1732—1738. 

48. Morizur Y, Berrow SD, Tregenza NJC, Couperus AS, Pouvreau S (1999) 
Incidental catches of marine-mammals in pelagic trawl fisheries of the northeast 
Adantic. Fish Res 41: 297-307. 

49. Northridge S, Kingston A, Thomas L, Mackay A (2007) Second aimual report 
on the UK cetacean bycatch monitoring scheme. Contract report to DEF'RA on 
the work conducted 2005-2006. St. Andrews, Scotland: Sea Mammal Research 
Unit. 

50. Tregenza NJC, Berrow SD, Hammond PS, Lcaper R {1997} Common dolphin, 
Delphinus delphis L., bycatch in bottom set gillnets in the Celtic Sea. Rep Int 
Whal Gommn 47: 835-839. 

5 1 . Atkins S, CHflf G, Pillay N (20 1 3) Humpback dolphin bycatch in the shark nets in 
KwaZulu-Natal, South Africa. Biol Conserv 159: 442-449. 

52. Perrin WF, Reilly SB (1984) Reproductive parameters of dolphins and small 
whales of the family Delphinidae. In Perrin WF, Browncll RL, DeMaster DP, 
editors. Reproduction in whales, dolphins and porpoises. Report of the 
International Whaling Commission Special Issue 6. 97-133. 

53. Ferrero RC, Walker \VA (1995) (irowth and reproduction of the common 
dolphin, Delphinus delphis Linnaeus, in the offshore waters of the North Pacific 
Ocean. Fish Bull 93: 483-494. 

54. Silvani L, Gazo M, Aguilar A (1999) Spanish driftnet fishing and incidental 
catches in the western Mediterranean. Biol Conserv 90: 79-85. 

55. Mirimin L, Westgate A, Rogan E, Rosel P, Read A, et al. (2009) Population 
structure of short-beaked common dolphins {Delphius delphis) in the north 
Atlantic ocean as revealed by mitochondrial and nuclear genetic markers. Mar 
Biol 156: 821-834. 

56. Lahaye V, Bustamante P. Spil/ j, Dabin W, Pierce CiJ, et al. (2005) Long-term 
dietary segregation of common dolphins Delphinus delphis in the Bay of Biscay, 
determined using cadmium as an ecological fracer. Mar Ecol Prog Ser 305: 275- 
285. 

57. Caurant F, Chouvelon T, Lahaye V, Mendez-Femandez P, Rogan E, et al. 
(2009) The use of ecological tracers for discriminating dolphin population 
structure: the case of the short-beaked common dolphin Delphinus delphis in 
European Atlantic waters. International Whaling Commission: Madeira. 



58. Maeri S, Adriani W, Chiarotti F, Laviola G (2002) Risk taking during 
exploration of a plus-maze is greater in adolescent than in juvenile or adult mice. 
Anim Bchav 64: 541-546. 

59. Owens I (2002) Sex differences in mortality rate. Science 297: 2008-2009. 

60. McAuley RB, Simpfendorfer GA, Wr^ht IW (2007) Gillnet mesh selectivity of 
the sandbar shark [Carcharhinus plumbeus): implications for fisheries mamage- 
mcnt. ICES J Mar Sci 64: 1702-1709. 

61. Aa WW'L, Jones L (1991) Acoustic reflectivity of nets: implications concerning 
incidental take of dolphins. Alar Mamm Sci 7: 258—273. 

62. Cox TM, Read AJ, Swanner D, Urian K, Waples D (2003) l}eha\ioni-al 
responses of botdenosc dolphins, Tursiops truncatus, to gillnets and acoustic 
alarms. Biol Conserv 115: 203-212. 

63. Mooney TA, Au WWL, NachtigaU PE, Trippel EA (2007) Acoustic and stiffness 
properties of gillnets as they relate to small cetacean bycatch. ICES J Mar Sci 
64: 1324-1332. 

64. Rossman MC (2010) Estimated bvcatch of small cetaceans in northeast US 
bottom trawl fishing gear during 2000 2005. j Northw Atl Fish Sci 42: 77-101. 

65. dc Boer MN, Saulino JT, Leopold MF, Rrijndcrs PJH, Simmonds MP (2012) 
Interactions between short-bcakcd common dolphin [Delphinus delphis) and the 
winter pelagic pair-trawl fishery off southwest England (UK). Int J Biodivers 
Conserv 4: 481-499. 

66. Gannier A (1999) Diel variations of the striped dolphin distribution off the 
French Riviera (Northwestern Mediterranean Sea). Aquat Adamm 25: 123-134. 

67. Neumann DR (2001) The activity budget of fi"ec-ranging common dolphins 
[Delphinus delphis) in the northwestern Bay of Plenty, New Zealand. Aquat 
Mamm 27: 121-136. 

68. Stockin KA, Binedcll V, Wiseman N, Brunton DH, Orams MB (2009) 
Behaviour of free-ranging common dolphins [Delphinus sp.) in the Hauraki Guff, 
New Zealand. Mar Mamm Sci 25: 283-301. 

69. Filby NE, Bossley M, Stockin KA (2013) Behaviour of free-ranging short-beaked 
common dolphins [Delphinus delphis) in Gulf St. Vincent, South Australia. 
Aust J Zool 61(4): 291-300 http://dx.doi.org/10.1071/ZO12033. 

70. Pusineri C, Magnin V, Mcynier L, Spitz J, Hassani S, ct al. (2007) Food and 
feeding ecology of the common dolphin [Delphinus delphis) in the oceanic 
northeast Atlantic and comparison with its diet in neritic areas. Mar Mamm Sci 
23: 30^7. 

7 1 . Svane I, Hammett Z, Lauer P (2005) Impacts of trawling on benthic macro- 
fauna and flora of the Spencer Guff prawn fishing grounds. Estuar Coast Sheff 
Sci 82: 621-631. 

72. Bjorge A, Skem-Mauritzen M, Rossman MC (2013) Estimated bycatch of 
harbour porpoise [Phocoena phocoena) in two coastal gillnet fisheries in Norway, 
2006-2008. Mitigation and implications for conservation. Biol Conserv 161: 

164-173. 

73. Thompson FN, Abraham ER, Berkrnbusch K (2013) Common Dolphin 
(Delphinus delphis) Bycatch in New Zealand Commercial I'rawl Fisheries. PLoS 
ONE 8(5): e64438. doi:10.1371/journal.pone.0064438. 

74. Orphanides CD (2009) Protected species bycatch estimating approaches: 
estimating harbor porpoise bycatch in U. S. northwestern Adantic gillnet 
fisheries. J Nortiiw Atl Fish Sci 42: 55-76. 

75. Palka D, Orphanides CD, Warden ML. (2009) Summary of harbour porpoise 
[Phocoena phocoena) bycatch and levels of compliance in the northeast and mid- 
Adantic gillnet fisheries after the implementation of the Take Reduction Plan: 1 
January 1999-31 May 2007. NOAA Technical Memorandum NMFS-NE-212. 
Woods Hole, Massachusetts: Northeast Fisheries Science Centre. 

76. Northridge S, Morizur Y, Souami Y, Van Canneyt O (2006) "Petracet" Pelagic 
Fisheries and CetaccEms. Final report to the European Commission. Project EC/ 
FISH/2003/09. Lymington, UK: MacAlister Elliott and Partners. 

77. Wade PR, Reeves RR, Mesnick SL (2012) Social and behavioural factors in 
cetacean responses to overexploitation: are Odontocetes less "resilient" than 
Mystieetcs?J Mar Biol doi:10.1155/2012/567276. 

78. Van der Hoop JM, Moore MJ, Barco SG, Cole TVN, Daoust P-Y, et al. (2013) 
Assessment of management to mitigate anthropogenic effects on large whales. 
Conserv Biol 27: 121-133. 

79. Leung ES, Chilvers BL, Nakagawa S, Moore AB, Robertson BC (2012) Sexual 
segregation in juvenile New Zealand Sea lion foragijig ranges: Implications for 
intraspecific competition, population dynamics and conservation. PLoS ONE 
7(9): e45389. doi:10.I371/joumal.pone.0045389. 



PLOS ONE I www.plosone.org 



10 



August 2014 I Volume 9 | Issue 8 | e104468 



